Osteoarthrosis (OA) is a degenerative disease characterized by loss of joint cartilage, remodelling of the subchondral bone, narrowing of joint spaces and the formation of osteophytes. Animal models are used to study the mechanisms of OA, as well as to test the effects of anti-osteoarthrosis drugs. The objective of the present study was to determine the changes identifiable by imaging techniques occurring in rabbit temporomandibular joints (TMJ) at 15, 25 and 45 days after OA inducement by monoiodoacetate (MIA) and papain. The imaging technology used was cone-beam computerised tomography (CBCT). The model animals were 22 young adult male New Zealand rabbits, divided randomly into three study groups: Four rabbits in the control group, nine in the papain experimental group and nine in the monoiodoacetate (MIA) experimental group. OA was induced by arthrocentesis in the lower compartment of both TMJs. The rabbits were examined by CBCT at 15, 25 and 45 days after the injection of MIA and papain. The mandibular condyles presented loss of their rounded shape, deformation of the condyle or mandibular fossa, cortical irregularity, cortical wear and changes in the dimensions of the condyle. OA induction by MIA and papain generates changes observable by CBCT in the dimensions of the mandibular condyle in rabbits. Both inducers promote signs compatible with OA on the joint surfaces of the TMJ; MIA promotes more expressive changes.
INTRODUCTION
Osteoarthrosis (OA) is a degenerative disease characterized by loss of joint cartilage, remodelling of the subchondral bone, narrowing of joint spaces and the formation of osteophytes (Kim et al., 2010) . The disease affects the cartilage and the whole joint structure, including the subchondral bone, synovial membrane and joint capsule (Alves et al., 2013) . Histopathological studies suggest that the degenerative alterations may be correlated with perforation or deformation of the joint disc (Tollison et al., 2002) . The repair process after joint damage involves inflammation, cell proliferation and synthesis of elastic collagen fibres and reticular fibres. The repair of jaw cartilage lesions is a very slow process, with little regenerative capacity compared to other types of connective tissue (Hunziker, 2002) .
Animal models are used to study the mechanisms of OA, as well as to test the effects of anti-osteoarthrosis drugs (Cledes et al., 2006) . The temporomandibular joint (TMJ) of the rabbit presents morphological similarities to the human TMJ, and there are also similarities in mandibular movements during mastication (Alves et al., 2016) . This animal model thus offers significant advantages for TMJ research (Mills et al., 1994) . Intra-articular injection of monoiodoacetate is one of the methods used to study OA in animals, since it leads to condrocyte death and triggers a degenerative process (Dowling et al., 2004) . Papain, another substance used to induce OA, promotes pathological similarities between OA in the rabbit TMJ and OA in the human TMJ (Yang & Shi, 2002) .
Cone-beam computerized tomography (CBCT) is less expensive and requires a lower dose of radiation than conventional CT (Tsiklakis et al., 2004) . It provides a threedimensional image of the mineralised maxillofacial tissue with minimal distortion. CBCT is the imaging technique of choice for evaluating the osseous components of the TMJ. It provides essential information to help in the diagnosis of a variety of TMJ alterations, including osteoarthritis, inflammatory arthritis, trauma and development disorders (Barghan et al., 2012) .
The object of the present study was to determine the changes identifiable by cone-beam computerized tomography (CBCT) occurring in the TMJ of rabbits at 15, 25 and 45 days after inducement of OA by monoiodoacetate and papain.
MATERIAL AND METHOD
This study was approved by the Scientific Ethics Committee of Universidad de La Frontera (Folio no. 079/ 15).
Sample. Young adult male New Zealand rabbits (Oryctolagos Cuniculi L.) were used, aged five months and an average weight between 3 and 4 kg. The sample consisted of 22 rabbits, selected at random and divided into three study groups: four rabbits in a control group (CG), nine in the papain experimental group and nine in the monoiodoacetate (MIA) experimental group.
The rabbits were kept in individual cages with fed ad libitum with water, rabbit pellets and greens. The habitat was kept under an appropriate light cycle, temperature and moisture. The animals were identified by marking their ears with indelible ink, and an identifying plate was affixed to each cage.
OA inducement by MIA. OA was induced by MIA in rabbit TMJs by intra-articular injection of 3 mg of monoiodoacetate dissolved in 50 ml of sterile saline solution, using the arthrocentesis method (Güler et al., 2011) . The MIA was administered in a single dose in the lower compartment of the TMJ. To do this a reference point was taken 3 mm posterior of the anterior crest of the zygomatic process of the temporal bone, which gives access to the joint capsule; the capsule was penetrated by the needle immediately above this reference point and the MIA solution was injected slowly into the intra-articular region.
OA inducement by papain. To induce OA by papain, the same reference points were used as described for inducement by MIA. Papain was administered by arthrocentesis in three doses, on days 1, 4 and 7, in doses of 0.3 ml of papain solution (1.6 %) (Li et al., 2013; Siebelt et al., 2014) .
Control Group. For the control group, five healthy animals with the same physical characteristics as the test animals were examined by CBCT. They received an injection of 50 ml of saline solution in the lower compartment of the TMJ.
Cone-Beam Computerised Tomography.
CBCT examination was carried out in the Dental Clinic of Universidad de La Frontera at 15, 25 and 45 days after injection with papain and MIA. The animals were anesthetized by intramuscular injection of Ketamine 5 % (20 mg/kg) and Xylazine (0.1 mg/ kg) and the examination was carried out 8 minutes after application of the sedative. Once sedated, the rabbit was placed in a box with four sides -inferior, posterior, and two lateral -such that it was sitting on the inferior surface. Its extremities were tied with tapes to fix it to the posterior side and keep it still. This made examination easier since the animal was immobilized in a position in which its head could be positioned for tomography.
The equipment used was a Vantech brand Pax Zenit 3-D dating from 2011. The TMJs were analyzed with a FOV, 8 x 6 cm, voxel size 0.12 mm, exploration time 24 seconds. The data were converted into 3D images with volume representation using the Ez3D 2009 software. The slice thickness used in this study was 1.0 mm. Once the CBCT images had been obtained, the condyle measurements were analysed in sagittal and coronal sections (Fig. 1) . The condyles and mandibular fossa were also analyzed to evaluate the integrity of the TMJ surfaces after OA inducement.
Statistical analysis. Descriptive analysis was by mean measurements with standard deviation. The Shapiro-Wilk test was applied to analyse the normality of the data. The Wilcoxon, Kruskall-Wallis and Mann-Whitney U tests were used; the significance threshold was 5 %. Table I shows the means found for the mandibular condyle in the sagittal and coronal sections of rabbits with OA induced by MIA and papain. The mean value in the sagittal section of the mandibular condyle in the control group (CG) was 5.0 mm. The experimental groups presented lower mean values than the CG, in TMJs with OA induced by both MIA (25 and 45 days) (p=0.00) and papain (15, 25 and 45 days) (p<0.01). Table I . Mean and standard deviation found for mandibular condyles of rabbits with OA induced by MIA and papain. The mean value found for the MIA group at 45 days was significantly lower than for the MIA group at 15 days (p=0.015). The mean values found for TMJs with OA induced by MIA were higher than those found for those with inducement by papain at 15 days (p=0.01) and 25 days (p=0.01).
RESULTS
The mean value in the coronal section of the mandibular condyle in the control group was 4.2 mm. No statistical difference was found for the coronal sections. No significant statistical difference was found between sides in any case.
The surface of the condyles with OA induced by papain (15 days) (Fig. 2) and MIA (25 and 45 days) (Figs. 3 and 4 respectively) presented the following effects: deformation of the mandibular condyle and articular tubercle; bone sclerosis; altered dimensions in the condyle (vertical or latero-medial); cortical erosion; presence of osteophytes; presence of subchondral cyst. The alterations were most expressive in TMJs with OA induced by MIA, after 45 days. 
DISCUSSION
OA is the most frequently-occurring disease in all joints, including the TMJ (Larheim et al., 2015) . CBCT examination allows osteophytes, subcortical sclerosis, subcortical cysts, surface erosion, articular surface flattening and generalized sclerosis to be observed in TMJs affected by OA (Ahmad et al., 2009) . In the present study we used CBCT to compare two types of chemical OA inducers in rabbit TMJs.
Yang & Shi used the rabbit as an animal model for inducing OA by papain. They observed that this model offers good reproducibility, allowing researchers to explore the pathogenesis of the disease, and use the model to test drugs for treating OA in the TMJ. In a previous study, Tavakkoli Jou (1994) described the macroscopic morphological alterations during juvenile arthritis of the TMJ, showing that there is a decrease in the sagittal and vertical development of the mandible in rabbits with OA. In the present study we chose the rabbit as our animal model because the histological and histochemical characteristics of the human and rabbit TMJ present many similarities, including their cell organization and the distribution of Type I and II collagens, proteoglycans and elastin (Savalle et al., 1990; Mills et al.) .
Cledes et al. observed that the injection of MIA into the lower compartment of the TMJ in rabbits can produce internal damage accompanied by signs of arthrosis, with thickening and fibrillation of the cartilage and chondrocyte migration in areas where the surface of the subchondral bone was locally destroyed. Furthermore, these authors observed resorption of the subchondral bone, which was gradually replaced by a highly cellular conjunctive tissue. The damage increased over the course of time 10 days after inducement. Forty days after the injection, the subchondral and chondroid bones were exposed in the articular cavity. Güler et al. state that intra-articular injection of MIA by arthrocentesis is an effective, minimally invasive method for reproducing OA in rabbit TMJ, with loss of articular cartilage and lesions which imitate human OA four weeks after inducement.
Yang & Shi induced OA in rabbit TMJs by papain injection; four weeks after inducement, important degenerative changes were observed, such as extensive destruction of articular cartilage, bone destruction, formation of osteophytes and surface roughening.
In our study using CBCT, we observed changes in the shape of the mandibular condyle from 25 days after MIA injection; the damage was most expressive 45 days after inducement, with a serious alteration in the shape. We also observed the following changes: (i) deformation of the mandibular condyle and articular tubercle; (ii) bone sclerosis; (iii) altered dimensions in the condyle (vertical or lateromedial); (iv) cortical erosion; (v) presence of osteophytes; (vi) presence of subchondral cyst, (vii) signs compatible with OA. Güler et al. used computerised tomography to analyse the changes in rabbit TMJs at 2, 4 and 6 weeks after OA inducement by MIA. These authors found minor abnormalities after four weeks of monitoring and moderate abnormalities after six weeks.
MIA (Cledes et al.; Güler et al.; Artuzi et al., 2016) and papain (Yang & Shi) have been used successfully to induce OA in rabbit TMJs in previous studies. The severity of the OA is directly related with the exposure time (Cledes et al.) and the concentration of the drug applied (Guingamp et al., 1997; Güler et al.) . In our study we used 3 mg of MIA in 50 ml of saline solution, as proposed by Güler et al. who observed lesions predominantly in the central and anterior areas of the joint four weeks after inducement. In their study, Güler et al. report that the mean volume of the subchondral bone was related with the MIA concentration; it was remarkably reduced when 2.5 mg/ml and 3 mg/ml of MIA were used as compared to doses of 1.5 and 2.0 mg/ml. In other studies, Artuzi et al. and Cledes et al., were able to generate degenerative effects in rabbit TMJs using lower doses of MIA (0.5 mg and 1.5 mg respectively).
CONCLUSIONS
OA induction by MIA and papain generates changes observable by CBCT in the dimensions of the mandibular condyle in rabbits. Both inducers promote signs compatible with OA on the articular surfaces of the TMJ; MIA promotes more expressive changes. CBCT is an important tool which can be used to monitor the development of chemically induced OA in rabbits. 
RESUMEN:
La osteoartrosis (OA) es una enfermedad degenerativa caracterizada por la pérdida de cartílago articular, remodelación ósea subcondral, estrechamiento del espacio articular y formación de osteofitos. El modelo animal es utilizado para estudiar los mecanismos de la OA, así como testar el efecto de drogas anti-osteoartrosis. El objetivo de este estudio fue determinar los cambios imagenológicos, mediante tomografía computarizada cone-beam (TCCB), que se generan en 15, 25 y 45 días, luego de la inducción de OA por medio de Monoiodoacetato (MIA) y Papaína sobre la ATM de conejos. Fueron utilizados 22 conejos machos, adultos jóvenes, de raza New Zealand divididos aleatoriamente en 3 grupos de estudio: 4 conejos para un grupo control, 9 conejos para el grupo experimental con Papaína y 9 conejos para el grupo experimental con monoiodoacetato (MIA). Se realizó la inducción de OA por la técnica de artrocentesis en el compartimiento inferior de ambas ATMs. Se les realizó examen de TCCB en los días 15, 25 y 45 tras la inyección de MIA y de papaina. Los cóndilos mandibulares presentaron pérdida de forma redondeada de cóndilo, deformidad de cóndilo o fosa mandibular, irregularidad de corticales, desgaste de corticales, cambio de dimensiones de cóndilo. La inducción de OA por medio de MIA y papaína genera cambios en la dimensión del cóndilo mandibular de conejos observables a través de TCCB. Además, ambos inductores promueven signos compatibles con OA en las superficies articulares de la ATM, siendo que la MIA promueve cambios más expresivos.
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